
Comparison of the prevalence and distribution of antibodies to Toxo-
plasma gondii in an urban and a rural population suggests that factors
responsible for transmission of human toxoplasmosis are common to
both groups.

Distribution of Toxoplasma Antibodies
in Comparable Urban and Rural Groups

By COLVIN L. GIBSON, Ph.D.

-NE of the mnajor gaps in oIIr knowvledge
~.J of lhuman toxoplassmosis is the meanis by
which nman comes inito conltact with, and be-
comes infected by, the causative agent, Toxo-
plactsa gonlii. NNumerous studies in various
parts of the wvorldl have miiade it clear that serum
antibodies to T. gonrlii are, widely prevalent in
humans, suggesting that infectioni is relatively
commlon although freqtuently inapparent, btit
little infoormation lhas been publislhed regcardinig
the enivironmen-tal factors whiclh muay contrib-
ute to the spread of this infection.
A recenit study by the author and hlis col-

leagues of a riural Negro population near
Aiemphis, Teiun., gave a clear picture, of the
distribution of Toxopla8m,a antibodies in tlhat
particular group (1). It showed that the
prevalence of antibodies is about tlle same in
botlh sexes; that the titers fall into a bimodal
distributioni suggestive of a nonspecific reaction
at the lowvest titers; that the chance of finding,
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antibodies inicreases witlh age; and that younog
people tendl to lhave hiiglher titers tlhan older
people.
That study, however, did iiot allow us to

pinpoint ainy of the factors that mnighlt be woIrk-
ing to produce suclh a distribuition of titers.
Nor did it peiniilt us fruitfully to coml-pare that
popuilation witlh any otlher group. The presenit
study was tlherefore undertaken to attack the
question of environmienital factors in the trans-
missioni of toxoplasmiiosis by comparingM the
antibody status of the rural Negro population
witlh that of a comyiparable urbani group.

Methods

Figure 1 slhows the geographic region in
w-hicll this study was micade. The urbani sample
consisted of 627 seriu-s takein at random from
the students of a large junior-senior high school
in the city of MIemplhis. The studeints, all Ne-
groes, rang,ed in age fronm 11 through 19 years.
The rural sample consisted of 445 serums from
personis in the same age group, also Negroes,
taken at ran-idoml- tlhroughout Fayette County,
but clhiefly fronm the area soutlh of the Wolf
Ri.ver, wlhich is slhowin slhaded on1 the map.

AMost of the seriums froni the rural popula-
tion wlich we tested in the presenit study were
inieluded in the larger rural sample, represent-
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Figure 1. Location of urban and rural popula-
tions from which serums were collected. The
urban sample was composed of Memphis resi-
dents; the rural sample, of Fayette County
residents, chiefly those in the area south of the
Wolf River.

ing 987 persons of all ages, analyzed in a pre-
vious report (1). In order to relate the present
study of a restricted age group to the overall
prevalence in rural Fayette County, we show in
figure 2 the prevalence rates for all ages, as pre-
viously reported. Rates reported for other parts
of the world by various investigators are also
included for purposes of comparison. In gen-
eral, the antibody prevalence in rural Fayette
County was greater than the level found in
England (2) but less than that found in the
Netherlands (3), in Germany (4), and in Aus-
tria (5). In the present report we shall be
concerned only with the small portion of the
curve from 11 through 19 years of age.

.A11 the serums in both our samples were
tested by the Sabin-Feldman dye test. The
technique originally described by these investi-
gators, imncluding inactivation at 56' C. for 30
minutes, was used (6). Serums were tested un-
diluted and at progressive fourfold dilutions
(1: 4, 1: 16, 1: 64, and so forth) until the end
point was reached. Frequent comparative tests
on unknowin serums by our laboratory and
several other research laboratories in the United
States have always shown good agreement, a
fact which lends confidence to our results.

Results

The results obtained by the dye test for each
of the sample populations are summarized in
the table.

The prevalence of positive serums was 20.1±
2.3 percent for urban males and 20.7±+2.2 per-
cent for urban females. Comparable rates for
the rural group were 19.9+±2.6 percent for males
and 17.8±2.6 percent for females. Statistical
analysis indicated that the slight differences
in overall prevalence of positive serums between
males and females in each population were not
significant. (P values were 0.85 and 0.58 for
the urban and rural groups, respectively.)
Eveni when an analysis was made of each 1-year
age group, no significant difference between
the sexes could be detected. The greatest di-
vergence occurred in the 11-year-old rural
group, in which 24.3 percent of 37 males and 9.1
percent of 33 females were positive. Statistical
analysis of these data using the formula

aa-;(pX q)/Ni+(pX q)/N2

gave a probability value of 0.09, which indi-
cates that the observed difference between the
sexes in this group probably is not significant.
Since we failed to find a significant difference
between males and females with respect to the
prevalence of positive titers, data for the sexes
were combined in all later calculations unless
otherwise indicated.
One possible exception should be noted to the

conclusion that there is no significant difference
between males and females with regard to the
prevalence of positive serums. For serums
positive at the undiluted level, there was a
highly suggestive difference between the sexes
in the urban sample. Only 7 of 298 males (2.3

Figure 2. Prevalence of Toxoplasma antibodies
by age, as reported for various parts of the
world (1-5). Figures in parentheses show
number of serums tested.
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Distribution of serums positive for Toxoplasma antibodies by titer for urban and rural populations in
Tennessee

Number Number of serums positive Percent of
of serums

Habitat and age in years serums positive
tested Undi- 1:4 1:16 1:64 1:256 1:1,024 All (all titers)

luted titers

Urban
11 13 0 0 0 0 0 0 0 0. 0
12 -- - 70 6 1 6 3 0 0 16 22.84 5. 0
13 129 5 1 10 11 1 0 28 21. 7± 3. 7
14 --- --- - 101 4 1 8 6 2 0 21 20. 8± 4. 1
15 116 8 2 7 6 0 1 24 20. 7± 3. 8
16 102 4 0 7 5 1 1 18 17. 6± 3. 8
17 62 3 3 2 2 2 0 12 19. 4± 5. 0
18 25 0 1 2 1 3 0 7 28. 0± 9. 0
19 9 0 0 1 1 0 0 2 22. 2±13. 9

Total ---- - 627 30 9 43 35 9 2 128 20. 4± 1. 6
Males 298 7 5 23 19 6 0 60 20. 1± 2. 3
Females ---329 23 4 20 16 3 2 68 20. 7± 2. 2

Rural
11 ----------- 70 2 1 1 6 1 1 12 17. 2± 4. 5
12 62 3 3 3 4 2 0 15 24. 2± 5. 4
13 72 6 0 2 3 4 1 16 22. 2± 4. 9
14 ---- 63 3 2 5 2 1 1 14 22. 2+ 5. 2
15 57 2 0 4 1 0 0 7 12. 6± 4. 4
16 ------------ 42 1 0 1 1 2 0 5 11.9± 5. 0
17 --- 39 0 0 2 1 2 2 7 17. 9± 6. 1
18 ----------------- 33 0 0 3 4 1 0 8 24. 2± 7. 5
19- 7 0 0 0 0 0 0 0 0. 0

Total - 445 17 6 21 22 13 5 84 18. 9± 1. 9
Males - 231 6 4 12 14 7 3 46 19. 9± 2. 6
Females -- 214 11 2 9 8 6 2 38 17. 8± 2. 6

percent) had undiluted positive titers as con-
trasted with 23 of the 329 females (7.0 percent).
The difference between these rates is highly

significant statistically (P = 0.005), but at
present we cannot offer an explanation for this
difference. A similar trend can be detected in
the rural sample, in which 6 out of 231 males
(2.6 percent) and 11 out of 214 females (5.1
percent) had undiluted positive serums, but the
difference here is niot statistically significant
(P = 0.16).
Both the urban and the rural populations

showed a distinct bimodal distribution of titers,
with an unexpectedly large number of serums
positive at the undiluted level. This distribu-
tion is illustrated graphically for all ages com-
bined in figure 3. The large number of undi-
luted positives is consistent with the hypothesis
of a nonspecific reaction, but we do not know
what significance, if any, these low titers have
in the epidemiology of toxoplasmosis.
The upper modal titer for the urban popula-

tion falls at a dilution of 1: 16, while the upper
modal titer for the rural group is 1: 64. This
shift cannot be related to age, since both groups
include persons from 11 through 19 years, and
analysis of the individual age samples does not
reveal any trend in this direction. To deter-
mine whether the shift of modal titer actually is
significant, we tested the data by the chi-square
method. For this purpose, the positive serums
were divided into two groups, those positive at
a dilution of 1: 16 or lower and those positive
at a dilution of 1: 64 or higher. The proba-
bility value derived from this calculation is
slightly more than 0.05, suggesting that the
shift in modal titer between the urban and the
rural group may not be significant.
An entirely different picture is obtained, how-

ever, when we group together those serums hav-
ing titers of 1: 256 or higher as opposed to those
positive at a dilution of 1: 64 or lower. With
this grouping, the probability value is only
0.009, indicating that the difference between the
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Figure 3. Distribution of all serums tested, by
titer, showing bimodality and shift of upper
modal titer.
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two populations is of considerable significance.
Tlhuis the rurlial l)opulation slhows a str-ongc tend-
enicy- to produce lhighl titers, bitt A-e (1o nCot kinow
w-hviat the significanice or cause of tlis tenidenicy
may be.
For b-oth sexes ancd all ages combined, 20.4 ±

1.6 pel(elit of the 627 serumills tested fromn the
urban groupi) weire lositive (aIll titers), as com-
pared -itlh 18.) 4- 1.9 p)eiceiut of the 44,5 serunms
front the rurli'al grouip. Somn-iewhlat lower r-ates
are obtained whleni only- titers of 1: 16 or higher
al-e conisidlere(l positive, on1 the assumption that
thle lower titers mRay represent nonspecific reac-
tioIIs in accordance withi the blimodal distiribu-

tioui of titers which we previouisly menitioned.
Thie r-ates iii this case ar-e 14.2 1.4 percenit for
the turbani samlnple aiid 13.7 ± 1.6 for the ruiral
gr0ou0p. BuIt wletlher we conisider all titers or
only thlose of 1: 16 o01i,rllelh , the inumericall dif-
feienice betweeni tlhe uriban- aid rural rates is
snnall, and statistica.il anal.dysis v-er ifies that, it is
merely a r eflectionl of sam111plinig variationi. The
)robalbility v.alues aire 0.48 for all titers anid 0.76
foi titers of 1: 16 or hier. Tlhuis it is (lear
thiait thier'e is n1o sign1ificanit dlifl'eirece inl l)p'eva-
leulce of antibodies betwi-eenl the ur'aiai anid ru'ral
populationls of ouri stud(ly.

Conclusions

The examinii-ation of ser'tinnis fr'om cotal)arable
urbl)anm an(l ruiral Negro populations in Tenines-
see lhas slhowin that the twi-o grouips are esseni-
tiallv the samie witlh resl)ect to the prevalenice
ain( titer (listr ibutioni of aniltitoxoplasicii anIti-
bodies. If we accep)t the plresence of these aniti-
bodies as anini(licattion of previous inifectioni
wvithi 7'. qoiabIii, tlheni we muiiist conlclude that, at
leatst insofatr as the populahtions wh-lichi wve sttud-
ie(d (are conceilend, pelisos livin, in uirbani or
rurall eillr1;lonml11elnts hiav-e a,n e(liual cliaince of
becoininc' inifected wi-itlh this 1l)rasite. (For a
(liscltssioii of the specificity of these anitibodies,
see r efer enice 1.) Fromii the epidemiological
stazindpoint, this m,eanls thlat for' anI expbulanatioll
of the tralnsmnissionl of tlis ilnfectionl We p)rob-
ably muillst look nlot to fatctors alissociate(l pri-
m lyl withI one= enironment or the otlhei btit
i-atlaer to factors comnmoni to botlh. EluIcidationO
of these ftctors slhoul(d lie the goal of ftutrlle
researcl in tlis field.

Summary
AVitlh the Sabin-Feldialn (lye test, 627

serumiis fronti ani urb)ani Neegro popuilationi alid
445 serutims fr'omii a comiparable r'ur'ial popul)ationl
were teste(l for a1ltitoxophasllaic anltibo(lies.
AIl persouis teste(I wer-e 11 to 19 years old.

Analysis of tlhe results witlh respect to the
p)revalenice aind distributioni of titer s slhowed
that, there is no differenice betweeni the sexes at
aniy age; tlhat the titers lhave a bimodal dis-
tribuition in botlh the url)ail aiudi rulral groups,
wi-ith1 an1 abnIormally large, uitun1iber of Iund(liluited
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positive serums; that, although there is a dif-
ferenice in the upper modal titer between the
two groups, it probably is not significant; that
the rural tgroup shows an unexplained tendency
to produce titers of 1: 256 or hiigher; anid that
the prevalence of positive titers is essentially
similar in the urbani anid rural populations,
both. wlhen all titers are considered together
and wlihen only titers of 1: 16 or higher are
considered.
The similarity between the urban and rural

populations suggests that the factors responsi-
ble for transmission of human toxoplasmosis
are common to botlh enivironimenits rather than
being pecuiliar to one or the other.
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Dental Manpower Resources

The demianid for denital care is expected to increase more rapidly
than the niumber of practicing dentists ancd dental lhygienists in 11
westerni States.
Of the 95,000 dentists wlho are expected to be practicing in the United

States by 1975, about 16,000 will be located in the west. This would
be an increase of 4,000 over the number practicing in the region during
1955, but still it would be 5,000 slhort of the number needed to maintain
supply at the current level. It will be roughly 20,000 under the num-
ber required to meet the hiigher per capita demnands for care which are
expected at the end of the 20-year period.

Currently, western schools are graduating only 400 dentists annu-
ally. To mneet demand, they must graduate an average of 1,600 a year
between 1960 and 1975.

D)ental hygieniists must also be trained in greater numbers. Addi-
tional traininig programs are nieeded in juinior and 4-year colleges.
The west needs approximately 800 dental hygiene graduates a year,
compared with the fewer than 70 noiw being supplied.
These requirements are stated in "Dental AManipower Requiremnents

in the WYest," a survey coverinig Arizonia, California, Colorado, Idalho,
Mlontana, Nevada, New .Mexico, Oregon, Utahl Washlington, and WVy-
oming. The survey was ulndertakeni at the request of the Westernl
Interstate Coiimission for 1ligher Education and was conducted by
the Division of Dental Resources, Public Health Service, in coopera-
tion with the American Dental Associationl and the W. K. Kellogg
Fonuldatioii.
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These paragraphs, based on overseas reports from
public health personnel with missions and field par-
ties of the International Cooperation Administration,
give a glimpse into health work abroad. The original
material appears in an administrative publication
distributed by the Public Health Division of the ICA.

First Movie
An Arabic language moving picture on sanitation

shown for the first time in a Jordan village attracted
an audience exclusively of men and boys. In Jordan
villages it is not the custom for women to appear at
public gatherings in male company. Rather than
give up the time needed for a duplicate showing for
the women, a sanitarian persuaded the villagers to
separate the women and girls from the men and boys
by an open aisle. This device permitted the women
and girls to see their first movie; it was in fact the
first movie for anyone in the village.
-ARTHUR L. DOPMEYER, acting chief, Cooperative

Department for Health and Sanitation, United
States Operations Mission, Jordan.

Latrines for Pilgrims

Yumbel (population 5,000), seat of the shrine of
San Sebastian in Chile, receives as many as 50,000
pilgrims on the peak day of the festival and 80,000
during the week. They arrive on foot, horseback, in
oxcarts, autos, trucks, special trains, and even in
boxcars. For the first time in the history of the
festival, health officials provided latrines for the
visitors: 45 prefabricated structures placed in
groups around the plaza and walled off to facilitate
traffic control and cleaning several times a day. A
fee of 5 pesos was charged, if user was able to

pay. Although free service was not denied, 50,000
pesos were collected. The church will pay for the
installation cost (280,000 pesos) with funds col-
lected from the pilgrims. It is planned to install 15
more latrines at other points next year. A 10,000
liter tank, a deep well, and chlorinator were installed
to supplement the town's usual water supply. The
visitors were impressed with the- latrines and in-
quired about means of obtaining them for installa-
tion elsewhere.

-PHILIP L. RILEY, acting chief, Division of Health
and Sanitation, United States Operations Mission,
Chile.

Population Gain
For the first time in the recorded history of Orchid

Island, 50 miles off the southeast coast of Taiwan,
there seems to be a gain in population as a conse-
quence of DDT spraying for malaria control. Only
1 out of 12 on the island is over 45 years old. The
island has no roads, no footpaths more than 18
inches wide. There isn't a wheel to be seen. The
children fish. The women grow taros. The older
men watch the children. The men wear only a
closely tailored fig leaf. The women seem to cover
themselves where they happen to be cold.
-JAMES P. WARD, M.D., M.P.H., chief public health

officer, International Cooperation Administration
Mutual Security Mission to Taiwan.

Hard Going
Heavy floods, deep mud, and washed out bridges

forced two physicians to abandon their jeep en route
to the Okinawan Colony on the Rio Palmetillas in
Bolivia. They crossed two swollen rivers and 5
kilometers of mud on foot to visit the colonists who
were preparing to receive about 160 Okinawan im-
migrants. The colony kindly supplied horses for
the return trip. At that point, the physical condi-
tion of the villagers was better than that of the
doctors.

-GEORGE ADAMS, M.D., M.P.H., chief, Health and
Sanitation Division, United States Operations
Mission, Bolivia.
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